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§1 0. On Formulation of Collisional 8JMethod 
Nakajima, N., Okamoto, M. 
The formulation of the collisional 8 f method 
and the numerical calculations based on it are 
performed in [1]. Although the numerical results 
are physically correct, in the formulation there 
are ambiguous points coming from the conflict 
between Lagrangian description and Eulerian de-
scription. Hence, the formulation is revised here. 
There are two types of approach. One is based 
on the physical phase space { z}' and the other 
is based on the extended phase space { z, w, p}, 
where w and pare indicate two types ot weight . 
In this report, the latter approach is chosen. 
The original equation for the particle distribu-
tion function f ( z, t) 
~ + (vwn + Vd) · \1 J = C(f, f) (1) 
may be divided into two equations for f = fo + / 1 







'vhere the operator D I Dt is defined as 
D /1 a/1 ( ,... -+ Dt - at + v11n + vd) · \7 !1- C(/1, fo), (4) 
n = iiI B' and the nonlinear collision term 
C(f1, !1) is neglected. 
Let the marker distribution function in the 
extended phase space FM(z, w,p, t) satisfy the 
Fokker-Planck equation: 
DFM a . a . 
----m + aw (wFM) + ap (pFM) = 0, (5) 
and define the following functions: 
!1(z, t) I dwdp w FM(z, w,p, t), (6) 
!o(z, t) I dwdp p FM(z, w,p, t), (7) 
g(z, t) I dwdp FM(z, w, p, t). (8) 
Then, through J dwdp Eq.(5), J dwdpw Eq.(5), 
and J dwdpp Eq.(5), the following relations hold: 
Dg 
0, (9) -Dt 
D/1 I dwdp w FM, . (10) --Dt 
Dfo I dwdp p FM. (11) --Dt 
186 
By assuming both w I P and pIp to be indepen-
dent of w and pin Eqs.(10) and (11), and using 
Eqs.(2), (3), and (7), we obtain 
w ~ [-Vd · \1 fo + C(fo, ft)] , (12) 
p ;0 vd. \1 fo· (13) 
Here, defining the average weight field: I dwdp w FM(z, w,p, t) 
w(z, t) _ I , 
dwdp FM(z, w,p, t) 
P(z, t) 
I dwdp p FM(z, w, p, t) 
I dwdp FM(z, w, p, t) ' 
(14) 
(15) 
and approximating FM by ensemble of marker 
particles: 
F M ( z, w' p) L 8 ( z- Zj ( t)) 
j 
X 8 ( w - w j ( t)) 8 (p - p j ( t) X~ 6) 
it is shown that 
wj(t) = lti!(Zj(t), t), Pj(t) = P(Zj(t), t). (17) 
Equation ( 1 7) means that weights of particles, 
wj(t) and pj(t), developing according to Eqs.(12) 
and (13) must be related to the average weight 
fields given by Eqs.(14) and (15). In other words, 
the average weight fields must be numerically 
created through Eqs.(14) and (15) in each small 
cell of the physical phase space { z}' and, the par-
ticle weights must be replaced through Eq. ( 1 7) 
in appropriate time interval, otherwise the fact 
that marker particles at the same position in the 
phase space { z} have different weights [weight 
spreading] will occur. 
Hence, the set of equations for collisional 8 f 
method is Eq.(9), which gives the trajectory of 
marker Zj(t), and Eqs.(12) and (13), which must 
be solved along the trajectory Zj(t), together 
with the average weight fields defined in Eqs.(14) 
and ( 15), and the replacement of weights through 
Eq.(17). The distribution function is expressed 
as !1(z, t) rv L Wj(t)8 (z- Zj(t)). (18) 
j 
Through the transformation from p to w: 
P =1-w P=1-0 
' ' 
equations obtained in [1] with the average weight 
fields are reproduced. 
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